To identify if there is a relationship between some newborn variables (baby's sex, Apgar score, postnatal age, birth weight, birth length, and head circumference) and blood pressure (BP) in healthy term newborns.
Essential hypertension is a major risk factor for stroke and coronary heart disease in adults. 1 Recent research supports the idea that hypertension has a prolonged subclinical course with fetal and infant origins. 2, 3 Langley and Jackson 4 found in animal studies that a lack of maternal nutrition during pregnancy leads to hypertension in the progeny. In two retrospective follow-up studies, Barker et al. 5 showed a significant association between low birth weight and higher blood pressure (BP) in adults. Holland et al. also identified the link between low birth weight and body mass index in childhood with a risk of hypertension in adults. 6 However, few studies have reported the influence of fetal factors on BP in neonates, and it is still uncertain whether essential hypertension as seen in older children and adults starts in the neonatal period. 7 Despite this, an attempt to relate fetal factors to a neonate's BP seems to be important to identify individuals at risk of developing hypertension later in life. Some authors have correlated higher neonatal BP with higher birth weight. 8 In the present study, we investigated whether a significant relationship between BP and baby's sex, Apgar score, postnatal age, and fetal growth (birth weight, birth length, and head circumference) is identifiable in healthy term newborns.
MATERIALS AND METHODS
The subjects of this study were healthy term newborn infants who were born at the Instituto Materno Infantil de Pernambuco (IMIP), a teaching hospital located in Recife, Pernambuco, Northeastern state of Brazil, between July 1 and September 14 of 1997. A previous introduction of the research was given to the mothers, and they were asked to consent to their infant's participation in the study; no mothers refused to include their newborns.
The infants were enrolled in the study if they fulfilled the following criteria: age of between 12 and 36 hours of life, Apgar score of Ն7 at 5 minutes, and good health status, classified as term according to Capurro score.
The exclusion criteria in the study were: premature and postterm babies, twins, and the development of any disease in the baby while in the hospital.
A total of 641 neonates were considered eligible for inclusion; however, 7 were unsuitable (4 had infection, 2 had congenital malformations, and 1 had persistent crying), leaving 634 newborns (335 males, 299 females).
Data regarding a newborn's BP were assessed using an oscillometric method with a noninvasive monitor of BP, DX-2710 Dixtal (Manaus, AM, Brazil). All measurements were done by the same researcher in a specific and quiet room allocated for this study. Three BP measurements with 10-minute intervals between them were taken for each infant. The newborns were awake and calm and placed on the mother's lap or on the cot. A 4-cm cuff and the largest one to encircle the baby's right upper arm were used.
The second task force definition for hypertension in children, with values equal to or higher than the 95th percentile, was applied for the babies to be considered as hypertensive. 9 Data were analysed using standard descriptive and inferential statistical techniques. The -squared test and odds ratio as well as Fisher's exact test were applied for the categorical variables, whereas a Student's t-test was employed for the continuous variables. A multivariate analysis was done using logistic regression.
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RESULTS
The median age of all infants was 20 hours, with a range from 12 to 36 hours. The mean gestational age was 39 weeks and 2 days. The mean (ϩ SD) and range for birth weight, birth length, and head circumference is given in Table 1 . With regard to each newborn's weight, 34 (5.3%) weighed Ͻ2500 gm and were classified as low birth weight.
According to the cutoff point (95th percentile), 34 infants were considered to be hypertensive. The influence of the antrophometric characteristics on the newborn's BP is shown in Table 2 .
The influence of the baby's sex, Apgar score, and gestational age on the newborn's BP was not statistically significant ( Table 3) .
The logistic regression showed that only the babies' birth weights remained significant ( p value of Ͻ 0.05) ( Table 4) .
DISCUSSION
The evaluation of BP in neonates is suggested by the Committee on Fetus and Newborn, although some factors limit the use of routine BP screening. 10 First, there was a low incidence of hypertension in this group (0.2% in healthy and term babies). Second, there were some technical difficulties in measuring the newborn's BP by oscillometric methods. Third, there is little knowledge about the natural history of hypertension in neonates, which could predict the development of high BP later in life.
The influence of newborn anthropometric measurements on BP in adults and children has been reported in many surveys. 11, 12 Factors such as low birth weight, small length, and small head circumference have been related to high BP in adults and in children. 2, 3 In this study, during the univariate analyses, infants with higher BP were heavier, longer, and had larger head circumference. In fact, the relationship of BP to body size has been described in many studies. For example, the second task force and the Muscatine 13 study have reported a significant correlation between BP and childrens' weight and height. 9 Swiet et al. 14 also reported a correlation between BP and weight in school children, but according to them, this correlation was very low for children with an age of Ͻ1 year. Nilsson et al. 12 found that birth weight was inversely associated with BP in a large cohort of young men in their late teens. Among newborns, and similarly to this study, Lee et al. 15 and Kitterman et al. 16 have pointed out that birth weight is correlated with an infant's BP.
Barker et al. 5 have linked small infants with hypertension later in life; however, in this study, similar to one published by Stork et al., 17 it was found that BP was higher in newborns with greater birth weight, whereas low birth weight infants had lower BP levels. This study, in contrast to Barker's hypotheses, did not find a relationship between low birth weight and higher BP levels in neonates. Therefore, the significant association between an infant's anthropometric data and a neonate's BP probably is more likely related to physiological aspects than to essential hypertension. Other newborn variables analyzed included the baby's sex, Apgar score, and postnatal age; however no influence of these variables on the babies' BP was observed. Actually, there is a general agreement that BP in neonates increases after birth mainly in the first week of life. 16, 18 Nevertheless, because this study only enrolled babies aged 12 to 36 hours (i.e., within 24 hours) a correlation between BP and postnatal age was not identified, even when the Student's t-test was applied to analyze the association of postnatal age with hypertensive and nonhypertensive infants.
All babies included in this study had an Apgar score of Ն7 and thus were healthy. Apgar score did not influence the infant's BP. However, an influence of the condition at birth on the neonates' BP has been observed, especially when they have anoxia. Holland and Young 18 found that neonates who had anoxia were prone to have lower BP than normal babies at delivery. In a study carried out in premature infants, Hegyi et al. 19 did not find a significant difference in relation to high BP in neonates with a low Apgar score (Ͻ6 at 5 minutes) compared with healthy ones; however, they reported that babies with a low Apgar score had lower BP than healthy ones.
No significant influence of gestational age on the baby's BP was identified in this study. In fact, the correlation of BP in neonates and conceptual age remains unclear. Kitterman et al., 16 for instance, found a correlation between mean aortic BP and gestational age, whereas Holland and Young 18 depicted no relation between the two variables. In this study, birth weight was the only variable associated with higher BP in babies after the multivariate analyses.
Does the early identification of a newborn with high BP mean hypertension later in life? There is need for a long-term follow-up survey to answer this question. In practice all of the newborns included in this study were asymptomatic; however, it is impossible to say whether they are really hypertensive, because there is no evidence that essential hypertension occurs in newborn infants. Because of this, an attempt to correlate BP levels in neonates with hypertension in adults is still complicated. How- ever, a prospective cohort study is the only possible way to link BP in neonates with BP in later life. Therefore, this is one of the recommendations and proposals of this study. † Wald ϭ Wald statistic to test hypothesis that baby's weight has no effect on the probability of hypertension. ‡ Sig ϭ p value. § R measures the ability of the independent variable to predict the response variable. \ Exp(B) ϭ Odds ratio effect. When baby's weight increases by one unit, the estimated odds ratio of having hypertension is multiplied by Exp(B). 
